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SUBJECT: ‘Centre Co, Kepone: Technical Basis for  DATE: 11- 10n94

n 10 ppb Soil level for Mirex and Kepone
FHOMf, ;Robert s. Davisf!

iologist (3HW13)
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TO: . fFrank Klaqchar, RPM (3HW24) L
Eu Central Pennsylvanla Sectlo A
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Attached is technl al justlflcatlon for selectlon of 10 ppb
levels for kepone and mirex in soils. While this may seem very
low, some could argue that an even lower number could be recom—
mended. As you w111 note when you read it some mlcroorganlsme
are en51t1ve to levels .as low as 0.01 ppb.

Thanks for the opportunlty to offer thlS 1nformat10n and if you

have any questlons please fell free toucontact me. :
?':l ‘ : . : 1' : : i ‘
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TECHNICAL'BAsisi 10 ppb Mirex & Kepone in soils
f e o | | S | i o

Because of the1r chemlcal propertles these compounds requlre the
settlng of very conservatlve residual levels in 3011. o
1] E ' ' t* ] | 31‘
»3 j They are very resistant to degradatlon, with: very long
. . residual half- llves., ’ i A
| | S

“They bioaccumulate in the food chain.

| : o P Y
| ’ R

’Theyihioconcentrate in ecologlcal receptors. P
O | I

They advprsely 1mpact members of both thegplant and
anlmal klngdoms. oo ‘
| L]

I
Both compounds strongly adhere to sorl and sedlment and are made
potentlally more availble to soil mlcroorganlsms with elevated or-
ganic carbon. erex inhibits photosynthesis in plankton at levels
as low as 1 ppb. Some fish are adversely impacted by 1evels as low
as 7 ug/l. Reports indicate that some soil microflora are sensl-
tive to levels as low as 0 01 ug/k?. '
2 1 | f

Addltlonal technlcal detalls are found below.
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MIREX‘ ) i ‘
. ] —,;~,~I::,j- * . 5 - ; i | b
Gengral Information' M1rex is a fully chlorlnated cage-struc—
tured compound. It is resistant to heat (decompos1tlon at
650°C) and has low react1v1ty with acids, bases‘and other
,”chemlcal agents such as ozone and lithium. It is one of the
most stable df the organochlorlne pesticides known and has
been used.w1dely in the southern United States for the control
: nof the imported fire ant. An estimated 74% of the mirex used
' in the Unlted\StaLes for nearly 20 years, however, has been
"used for nonagricultural uses i.e as a fire retardanL 1n

plastlcs.

fu» : . o ‘ 1 |'€ ;
Env1ronmental Transport and Fate- The release of mlrex in the
nv1ronment has'occurred via effluents from manufacturlng
plants and s1tes where mirex was utilized as a flame retardant
additive to polymers and at p01nts of application where it was
used as an 1nsect1c1de. Mirex is expected to pers1st in the
;env1ronment desplte the 1978 ban on its use in the Uhlted
States. For the most part, mirex is res1stant to blological
rand chemlcal degradatlon. Photolysrs of mirex may occur. How-
-} ever, sorptlon is likely to be a more important fate process.
?Per51stent compounds such as kepone and monohydro- and dlhy-
flro- derlvatlves of mirex have been identified as products of
lextremely slow transformation ‘of mirex. Mirex bloconcentrates
%1n aquatlc ordanlsms It will also adsorb to organlc materlals
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> not domlnate. There is ev1dence for degradatlo
lcf mirex to kepone 1n the env1ronment. :
‘I i R S T f ? i Lo
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i%lke kepone, mirex is mobile by virtue of its aliphatlc pro-
Zpertles. Because of its solubility characteristics, it is not
;readlly transported as a dissolved substance 1n.water and pro-
;bably moves through the environment dissolved in allphatlc
‘materlals and/or adsorbed to particulate matter. Because of
'its mode of appllcatlon, atmospherlc contamination and dissem-
qlnatlon are unlikely. Extensive residue surveys indicate that
varlous factors are instrumental in the dis stribution of mirex,
qlncludlng- prox1m1ty to treated area, rate of decomp051tlon,
irainfall patterns, surface runoff, duration of exposure, sea-
‘sonal populatlon.movements av01dance behavior, trophlc rela-
stlonshlps and bther'habltat considerations. lee.kepone, mlrex
thus possesses chemical characterlstlcs that lead to concen-
tratlon 1n nontarget terrestrial and aquatlc organlsms.

; . | co
erex re51due are quite per51stent in varlous spec1es. The
res1stance to mirex degradation and metabeclism leads to en-
g’“\'n.ronmental stpbllLty'andelomagnlflcatlon'through'terrestrlal
e(lncludlng the human web) and aquatic systems. However, the
”tate of mirex |in the env1ronment and the assoc1ated transfer
mechanlsms hage not been well deflned This 51tuatlon is fur—
ther compllcated by an 1nab111ty to account for almost half
he mlrex sold from 1962 to 1973 and in some cases, the mixing
£ usage 'data| for flame retardant and fire ant control pro-

rams. o
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1odegradatlo Generally,
sacteria and fungl and can inhibit the growth of. actlnomy-

etes. Although mirex is taken up by mlcroorganlsms, plants
and hlgher anlmalo including flsh and rats, it is not meta-
bollzed. Yet apalysls of soils from spills from 51tes 5 and 12
'years after the accidents suggests that dechlorlnatlon takes
uplace very slowly and kepone is a biotransformation product of
(mirex. Both mirex and kepone are highly persistent in the en-
v1ronment and have 1uuﬂ111p1d water partltlon.coefflclents so
hat the bloconcentrate several thousand fold 1n the food
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Aguatlc Tox101tz: erex can be concentrated in flsh;s dlrectly
:from sedlments water or food. While photodecomposltlon pro-
»%ucts (enhanced by interaction with aliphatic am1nes) can oc-
‘cur and are px esently being used to enhance decomp051tlon in
greld_use, the toxicity of the resulting monohydro, dihydro
and trihydro degradatlon products remains unknown. In addi-
I1on, certain hotodecompos1tlon products accumulated on bait
partlcles leached to seawater and the organlsms in a 51mu1ated
marsh concentrated one of the compounds in a manner 51m11ar to
mlrex 1tself. Decomp051tlon products mus1, therefore, be ln-
y !l' \ £ . . :
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mirex is res:stant to attack by
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%1uded 1n any evaluatlon of the "dlsappeaxance" of the parent
Lo L V ]

compound.

1The blologlcal s1gn1flcance of mirex is related to its cheml-
*cal characterlstlcs Modes of transfer into living systems are
1mportant to an understandlng of the impact of this 1nsect1-
01de on aquatlp organlsms Mirex reduces product1v1ty'of green
algae. Varlous species of phytoplankton can concentrate the
pest1c1de and thus may serve as passive agents of transfer to
iother organlsns. Mirex does not ‘appear to have pronounced
vaacute effects on fishes in a range of concentrations found in
treated areas HOther, dose—dependent secondary effects such
ias bacterlal 1nfecL10n (goldflsh) and growth inhibition (blue-
1gllls, catfish) appear to be related to mlrex accumulation.

; | -

|| l i \ !
Varlous formsiof freshwater and estuarlne arthropods are ex-
tremely sensitive to mirex, with h1gh mortality at concenLra-
tlons as low as 0.1 ppb. Juvenile forms are often more suscep-
.tible and larval stages of some species show adverse sublethal
reactlons at concentratlons as low as 0.01 ppb. Irrltablllty
and mortallty have often occurred after exposure. This is the
so—called delayed effect which is a distinctive characteris-
tlc of mlrex in a variety of aquatlc species. Although certain
yfactors (age, size, species, phy51cochem1cal factors, etc.)
1nfluence the fornm and degree of response (1nclud1ng irrita-
blllty, 1oss of equilibrium, paralysis and death), mirex evi-
dently is an effeetlve biocide for various forms of aquatlc
1nvertebrates. This should be an important con51derat10n in
any evaluatlo _of the env1ronmental impact of mlrex.;
L : : 4o ‘; " r [ |
Bloaccumulat1on. Routlne appllcatlons of m1rex can klll var-
1ous nontarget spec1es 1nc1ud1ng oil-loving ants, splders,
beetles and c ickets. Uptake and accumulation of: ‘mirex can
cause reductlons in seed germlnatlon, seedling emergence and
wgrowth in several plant species. This would indicate more
pervas1ve effects than toxicity studies or re51due surveys
would show. B#oconcentratlon factors (BCFs) are as follows.
algae 12200, flsh 2580; snalls, 4900' crayfish 16860—71400,
daphnlds 14650. Bioconcentration factors after 70 days ex-
posure to 0. 038 Kg/L: grass shrlmp 13100-17400; sheepshead
gnlnnows' 2892f 50000; mud crabs' 15000~ 18700, hermlt crabs.
: ibbed mussels (soft tlssue). 42000—52600 Amerl-

144800-71100;
,can oysters Crassostrea'v1rq1nlca, (soft‘tlssue) 34200-73700.
! : i :! N
L b - B
Terrestrlal TTx1c1ty } Co ‘

"ﬁ - .r Fi ‘ ti 1H
_;Mammals. erex is lethal as a SLngle dose to rats. It appears
ﬁot to require metabolism in order to exert its tox1c1ty and,
%n keeplng with thls, tox1c1ty does not differ SLgnlflcantly
L petween sexes Thus, it is llkely that it would be 51m11arly
tox1c to all mammals.
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oxic effects most commonly observed 1n mammals
ih ( weight 1loss, hepatomegaly, and reproductlve
;fallure. An important feature of its effect on the liver is
;ﬁhe 1nductlon of mlxed functlon ox1dase. ‘ . f .

! i 5 . | ‘ | | 11

;Qhese effects have been observed aL rather low levels of ex-
jposure. In rats, 1.0 ppm in the diet caused induction of cyto—

i}

- ichrome P- -450 w1th1n 14 days. This is very high in comparlson

g

5to chron1c1ty factors of 5.4 for DDT and 12.8 for- dleldrln,
rndlcatlng a hlghly cumulatlve effect.

P | : L i
Blrds. Blrds are not extremely sens itlve to the acute toxic
effects of mlrex. However, the relatively high levels of re51-
"dues 1n Wlld blrds in the treated areas and the lack of data
about the possibility of reproductlve effects of mlrex on na-
gtural populatlons remains a potential problem. Slgns of in=-
tox1catlon 1n’mallards and pheasants from acute oral adminis-
ratlon were m}ld ataxia. Wlthdrawal signs appeared: as soon as
40 mlnutes after treatment. erex fed to captive American kes-
rels, Falco sparverius, produced a marked decline in sperm
Vconcentratlon with a slight compensatory increase 1n semen
yolume resultlng 1n a 70% decrease in sperm numbers. No'effect
n'sperm motlllty was observed. The survival of Hyalella az-—
:teca was reduded relative to that of Cranconyx pseudocracilis
“durlng exposure to mirex in water for a 13 day perlod This
“as correlated to greater bioaccumulation of mirex by Hxalella
azteca than bT Crangonyx pseudogracllls.

ot oy
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Plants. The photosynthe51s of plankton is inhibited: by 16 10
33 and 19% after exposure to 1 ppb after 5 10, _15 andlzo
days, respectlvely. ’ C
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: Ge neral Prope ‘ties: Kepone is the ketone analog of mlrex. lee
.?1rex, it has ea51ly defined physical and chemical propertles
tand saturatedT symmetrical molecules. It does not occur in
nature. It is released into the atmosphere as a result of its
manufacture and use as an 1nsectlclde. However, 1ts use as an
-1nsect1c1de has been banned 1n the United States. Kepone also
occurs as a degradatlon product of. The presence in Kepone of
a carbonyl group in place of 2 chlorine atoms in mlrex greatly
affects Kepone’s solubility in water which is 2,000 times that
~of mlrex. It 15 also more reactlve and volatlle than mlrex.
Its thermal decomp051tlon p01nt is about 400°C, compared to
about 600°C for mirex. Technical preparations of Kepone con-

ﬁtaln 94. 4% Kepone, with 0.1% hexachlorocyclopentadlene as a
J

_mlnor contamlnant
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jgnv;ronmental Eransport and Eate: Kepone released‘to“soil
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1adsorbs to theLs01]' however, some 1each1ng to the groundwater
cially in sandy soils with a low organlc con-

':!z

'fay occur espe

|
processes but some evaporation may be observed from the soil

surface. Kepone released to water adsorbs to sedlment and
hloconcentrates in fish but may not bioconcentrate in crusta-
‘ceans or other agquatic organisms. It does not hydrolyze or

blodegrade and'dlrect.photodegradatlon is not SLgnlflcant com-

pared to otheﬁ processes. Evaporation from water is also not
51gn1f1cant with a half-life of 3.8 to 46 years predlcted for
evaporatlon from a river 1 m deep flowing at 1 m/sec w1th a
w1nd velocity of 3 m/sec. Kepone released to the atmosphere
w111 not react with photochemlcally'produced.hydroxyl radicals
»or ozone and will be subject to direct photodegradat1on. Ke-
‘pone is sorbed to particulate matter in the atmosphere and
‘Subject to grpv1tatlonal settling., Exposure to kepone will
i gccur through\the consumption of contaminated food espec1a]ly
contamlnated fish and seafood. Exposure may also occur in
countrles whefe lts manufacture and use as an 1nsect1c1de are

Stlll permlttjd

=

vy . 1 ! T }:_i .t
Blodegradatlo‘. No ev1dence of any degradatlon was detected
for Kepone exposed to hydrosoils from a reservoir' (not pre-
vlously exposed to kepone) and a creek (contaminated with Ke-
pone) under anaeroblc and aerobic conditions for 56 days. No
degradatlon of Kepone exposed to sewage sludge was observed
ﬁunder anaeroblc conditions for 120 hr. No degradatlon'was re-
“ported for kepone exposed to contaminated James River sedl-
iménts w1th added autoclaved s1lty clay loam soil for 52 days

dt a pH of 7.0.
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EB:Lotlc Degradatlon° Kepone is Very stable 1n the env1ronment
and is not 51gn1f1cant1y hydrolyzed. Photolysis of Kepone in
the presence of oxygen results in the formation of carbon di-
$x1de and hydrogen chloride. Irradiation of Kepone! dlhydrate
w1th uv llght, including wave lengths less than 290 nm,‘caused
,the formatlon of 2 compounds whlch were 1dentlca1 to those
7ormed by the 1rrad1atlon of mlrex. Lo

P . ' ; I ‘ ! ? oo

Bloaccumulatlon° Kepone is relatively 1nsoluble in freshwater
and in seawater._It leaches readlly through few soils (hlghly
porous sands)J but is adsorbed by clays and 1oams, espec1a11y
those with high organic content. Agquatic plant and animal
,spe01es can be[hlghly efficient in accumulating Kepone, and it
1s known that a large Kepone reserve can be found in the flesh

o

"of flsh. The ablllty of different species to concentrate Ke-

poné varies cob51derably, however, as a consequence of differ-
iences in depuratlon rates, which can be high in such organlsms
?as oysters and low in some fishes. In general, Kepone is sus-
’ceptlble to transfer from.partlculate or food-web processes to
hlgher trophic levels with relatlvely efficient mechanlsms for

hlologlcal maqnlflcatlon, 1nclud1nq concentratlon in humans.
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xtent. Blodegradatnon and hydrolysis are not important fate
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The bloconcentratlon Factors (BCFs) are as follows.

P;pephales promelag_ (fathead mlnnow) 1100~ 2200, Cyprlnodon
varlegatus 1548 Leiostomus xanthrus 1221; Palaemonetes p_gio
698, Calllnectess sapidus 8. Brevoortla tyrannus (atlantic
menhaden) 2300-9750; Menidia mendia (Atlantic silverside)
21700-60200. l o o AN |
i ' | | R
Sg;} Adsorptl n/Mobllltz The percent leached through 3011
kcyllnders 80 cm ‘deep is: clay loam, 1.2% clay, 17 2% Sandy
clay loam, 36.8% sandy loam. Using a reported range of water
solublllty an estimated range of K _ of 2400 to 2600 was cal-
ulated. A K, of this magnitude is indicative of sllght
,hemlcal moblilty and leachlng potentlal in soil. :

| ] S
i o
g;c1ty In Sedlment- Suspended sedlment includes 'mlneral
.’ralns, various kinds of plankton and detritus. Each phase
: ncentrates kepone to a different degree. Kepone concentra-

tlons in zooplankton sometimes reach levels of 16 ug/g (dry

,gwelght) whlle[phytoplankton range from nondetectable to 2.1

-ug/g. Kepone associates with the organic portion of the bottom
-sedlments andwlnorganlc grains are relatlvely clean.i There-
fore, a change in the ratio of 1norgan1c to organic: partlcles
has ‘the potentlal to change kepone concentrations. 'Benthic
%nlmals may take up kepone dlrectly from the sedlments and
‘pass it on to organlsms that prey on them.
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